The aim of this research was to study the influence of GSTP1 A313G polymorphism on susceptibility, chemotherapy-related toxicity and prognosis of Hodgkin's lymphoma in Ukrainian patients. Methods. The polymorphic variants of GSTP1 gene were analyzed using Allelic Discrimination Real-Time PCR. Results. The GSTP1 polymorphism is not directly involved in the development of Hodgkin's lymphoma and chemotherapy-related toxicity, but homozygous wild genotype of this gene is associated with a worse clinical response to the therapy and a higher risk of relapse. Conclusions. The investigation of GSTP1 polymorphism is very promising, since it might provide a possible application of this genetic marker as an independent prognostic factor of Hodgkin's lymphoma.
Introduction.
Hodgkin's lymphoma (HL) represents about 0.5-1 % of all malignancies and about 30 % of all lymphomas in the residents of developing countries. The morbidity of HL has two age-specific peaks: the first comprises the age between 15 and 35 years, while the second one is observed after the age of 50-60 years. In the age category of 15-24 years every sixth oncological diagnosis is HL [1, 2] . In Ukraine there is a steady upward trend in the incidence of malignant lymphomas, the rate of growth ranges from 4.2 % to 8.1 % in different regions of Ukraine [3] .
Over more than 150-year history since the description of the first cases of HL till today scientists have faced many difficulties and contradictories from the recognition of absolute fatality of the disease to its potential curability. Even the first authors, who described HL, paid much attention to the diversity of clinical course of the disease -from quick generalization, which led to the patient's death in several months, to the torpid period that could last for 20 years without treatment. The advancement of HL treatment is actually determined by the differential approach to the treatment in different risk groups distinguished by unfavorable prognostic factors. Modern risk-adapted treatment regimens for HL lead to good control of the disease and high cure rate for the most patients [4] .
However, among the patients with different prognostic scores the treatment of about 10-20 % still has low efficiency. In addition, new aggressive treatment programs are highly toxic. Hence, identification of new biological and clinical markers that could help to select patients with a high risk of the treatment failure, remains a crucial challenge. The pharmacogenetics study indicates that even a tiny diversity in sequence of genome significantly influences the individual treatment response, toxicity, and survival of the HL patients. Germline poly-morphisms in genes that code for the enzymes, involved in the pharmacodynamics of anticancer agents, are common and may result in altered drug pharmacokinetics [5, 6] . Current treatment regimens for HL include nitrogen mustards, anthracyclines, vinca alkaloids, and epipodophylotoxins, which are metabolized by enzymes of the glutathione S-transferase (GST) system. Glutathione-S-transferase P1 (GSTP1) is a member of the GST enzyme superfamily. GSTP1 gene is polymorphic that is characterized by adenine (A) to guanine (G) transition of nucleotide 313 in exon 5 (A313G), which causes isoleucine (Ile) to valine (Val) substitution at position 105 of the GSTP1 enzyme (Ile105Val), resulting in three possible genotypes: 313 A/A, 313 A/G or 313 G/G [7] . The proteins encoded by different alleles of the gene, show different abilities to metabolize carcinogens and anticancer agents. Watson et al. have shown that the individuals with two GSTP1 313 G alleles have lower catalytic activity when compared with the individuals possessing two GSTP1 313 A alleles, whereas an intermediate activity was reported for the heterozygotes [8] .
Therefore, genetic polymorphism of GSTP1 could be essential in the determination of susceptibility to the toxic effects of chemicals and might also be involved in the tumor response to anticancer drugs and influence the clinical outcome [9] .
In this report we present the results of the study on the influence of GSTP1 A313G polymorphism on the susceptibility, chemotherapy-related toxicity and prognosis of HL in Ukrainian patients.
Materials and methods. Patients. The case group comprised 97 patients with HL (median age: 31 years, range: 17-62; males: 34, females: 63) treated in the Oncohematological Department of National Cancer Institute from September 2008 to May 2011. HL was diagnosed according to the World Health Organization (WHO) classification, 2008. The patients were categorized by the Ann Arbor staging system and the International Prognostic Score. Anthracycline-based chemotherapy: ABVD (adriamycin/doxorubicin, bleomycin, vinblastine, dacarbazine) or BEACOPP (bleomycin, etoposide, adriamycin, cyclophosphamide, oncovin/ vincristin, procarbazine, prednisone) were administered as a first-line therapy for all patients enrolled in this study. According to the randomization, the patients with stages IIB and III-IV received BEACOPP-14 or BEACOPP-esc. Radiotherapy was used to treat residual masses of bulky disease for stages III-IV and all injured areas for stages IIA-IIB. The treatment efficacy was estimated according to the Cheson criteria. Toxicity rate was evaluated with NCI-CTC, V4.0.
A control group included 158 healthy individuals (median age: 38 years, range: 19-71; 70 males, 88 females) with a medical history negative to any type of cancer and was not related to the patients.
An informed consent was obtained from both groups according to the requirements of the Ethical Commission of the National Cancer Institute.
DNA isolation. The blood samples of all individuals were collected in citric acid/EDTA anticoagulation tubes. Plasma was separated from whole blood by centrifugation at 350 g for 10 min and stored at -70 °C. Genomic DNA was isolated from the plasma samples using QIAamp ® DNA Blood mini Kit (Qiagen, Hilden, Germany) according to the manufacturer's recommendations and stored at -70 °C.
Genotype determination. GSTP1 genotypes (c. 313 A > > G, p. Ile105Val) were determined using Allelic Discrimination Real-Time PCR. Primers and TaqMan-MGB probes were designed using Assay-by-Design service («Applied Biosystems», USA): forward primer: 5'-CCTGGTGGACATGGTGAATG-3'; reverse primer: 5'-TGGTGCAGATGCTCACATAGTTG-3'; 313 G probe FAM-CTGCAAATACGTCTCC-MGB; 313 A probe VIC-TGCAAATACATCTCC-MGB. PCR amplification was performed in a volume of 25 ml containing 10 ng of genomic DNA, 12.5 ml 2X Taqman Universal PCR Master Mix («Applied Biosystems»), 200 nM probe, and 900 nM primer.
Cycling conditions were 50 °C for 2 min, 95 °C for 10 min, followed by 45 cycles at 92 °C for 30 s and 60 °C for 1 min. The fluorescence emission was recorded using ABI Prism 7500 Sequence Detection System («Applied Biosystems»); end point plate read measurements allowed performing allelic discrimination using Sequence Detection System software («Applied Biosystems»).
Statistical analysis. The Hardy-Weinberg equilibrium was tested with chi-square statistic for the goodness-to-fit (one degree of freedom). Multivariate analysis was performed to assess the associations between GSTP1genotypes and HL. Odds ratios (OR) and 95 % confidence intervals (95 % CI) were used to estimate the risk of HL development and different grades of toxicity after chemotherapy. The clinical characteristics, treatment outcomes and toxicities in relation to the GSTP1 polymorphism were compared among the patients using chi-square, Fisher's exact tests, correlation analyses (Spearman and gamma coefficients). The value was considered as significant at p < 0.05. All computations were done using the STATISTICA 6.1. software (StatSoft, Inc., USA).
Results and discussion. Characteristics of the patients. The cohort consisted of 97 patients with HL. The clinical features of the patients are presented in Table. For 97 patients the overall response rate was 91.7 % (89/97) with a complete response of 77 % (75/97) and a partial response -13.5 % (14/97). Among the patients who achieved a complete response during the followup (median duration -18 months; range 6-36 months), 18 had relapses with disease-free period 3-6 months (3 patients), 6-12 months (9 patients) and 12-24 months (6 patients).
During the anthracycline-based chemotherapy the patients developed some degree of hematologic (HT) and nonhematologic (NHT) toxicity (gastrointestinal, cardiovascular, hearing, nephro-, neurotoxicity). Among the patients who received ABVD, severe HT and NHT (grade [3] [4] The distribution of the GSTP1 genotypes in both control and studied patient groups did not differ significantly from that predicted by the Hardy-Weinberg distribution. The observed G allele frequency was 0.32, similarly to the previous reports on allele frequencies for healthy Caucasians [10, 11] . The obtained results suggest that the A313G polymorphism of the GSTP1 gene is not directly involved in the development of HL.
GSTP1 genotypes and alleles distribution for the HL patients and healthy Ukrainian are presented in Fig. 1 .
We did not notice the association between demographic (age and gender), clinical and pathologic characteristics, including histotype, the stage of the disease, the presence of B symptoms, bulky disease characteristics of the patients with GSTP1 genotypes.
Significant relationship between chemotherapy-related toxicity for the patients with Hodgkin's lymphoma and GSTP1 genotype was not revealed, although for the patients with G/G genotype severe hematological toxicity was slightly more often.
We have observed a correlation between GSTP1 polymorphism and prognosis of HL: A/A genotype of GSTP1 gene can be considered as an independent unfavorable prognostic factor of HL. A complete response rate after the first-line therapy was better for the patients with the A/G or G/G genotype in comparison with the patients with homozygous wild genotype (84 % (43/51) versus 70 % (32/46), p = 0.066, correlation analyses, gamma coefficient). Progression of the disease during the therapy was observed for 4 % (2/46) of the patients with the A/A genotype of GSTP1 gene, while it was not noticed for the other genotype (Fig. 2) .
We also analyzed how GSTP1 polymorphism influences the chemotherapy response and the disease prognosis for the patients grouped according to the stage (Fig. 3, 4) .
As shown in Fig. 3 , among the patients with the stages IA-IIA, who received ABVD as the first-line therapy, the complete response was achieved in 92. For the Hodgkin's lymphoma patients with stages IIB + (III-IV) ( Fig. 4) , who received BEACOPP (14/ esc) as the first-line therapy, the complete response was achieved in 82 % (31/38) of the cases with A/G + G/G genotypes and in 73 % (19/26) with A/A; the partial response -in 16 % (6/38) of the cases with A/G + G/G genotypes and in 23 % (6/26) with A/A. The frequency of the disease relapse was significantly higher for the patients with homozygous wild genotype (27 % (7/26) A/A versus 8 % (3/38) A/G + G/G, p = 0.003, correlation analyses, gamma coefficient).
The obtained results suggest that the A313G polymorphism of the GSTP1 gene is not directly involved in the development of HL and chemotherapy-related toxicity, but homozygous wild genotype of this gene (A/A) is associated with a worse clinical response to the therapy and a higher risk of the relapse for the HL patients independently from the stage of the disease. We assume that the association of A/A with unfavorable prognosis of HL may be attributed to a higher activity of the wild allele towards anticancer agents metabolism, as well as to its higher effect on the favouring tumor cell survival when compared with the variant allele, as previously reported [8] . Recently, Holley et al. have demonstrated that the wild allele protects the cells against apoptosis through a JNK-independent mechanism [12] .
The prognostic impact of GSTP1 polymorphisms appears to vary according to the cancer type. Recently, the GSTP1 313 G/G genotype has been associated with a favorable prognosis following chemotherapy with the drugs known to be GSTP1 substrates in a variety of malignancies, such as pediatric acute lymphoblastic leukemia, myeloma, breast and colon cancer [6, [13] [14] [15] . The influence of GSTP1 polymorphism on the effectiveness of HL therapy has been previously analyzed by other authors with contradictory results [16] [17] [18] [19] . The main difference has been associated with the different presentation of HL stages and clinical outcome of the patients.
Our results are in line with the previous reports of Italian researchers, which noticed the association of GSTP1 homozygous wild genotype with unfavorable outcome of HL patients [16, 17] . At the same time, some authors did not find any correlation between GSTP1 polymorphism and HL prognosis in Caucasian patients [6] . The contradictive results might be due to the fact that small cohorts of patients have been analyzed along with the socioeconomic factors and late diagnosis in some countries.
Conclusions. Further research of the pharmacogenetic factors, such as GSTP1 polymorphism, including an analysis of larger cohorts of HL patients, may provide the understanding of molecular mechanisms of the development and progression of disease and help to estimate the individual detoxication potential that may influence the treatment response, susceptibility to the toxic effects of chemotherapy, and clinical outcome of the patients. 
